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Ocean Monitoring Products at CPC

http://www.cpc.ncep.noaa.gov/products/GODAS
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NCEP Global Ocean
Data Assimilation System (GODAS)

= Introduction

= Climatology (1982-2004):
= Monthly products (1979-present):
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The Global Ocean Data
Assimilation System (GODAS)
was implemented in 2003

The GODAS web site was
constructed in 2005 to
delivery the ocean synthesis
data and ocean monitoring
products to the user
community and to
demonstrate the benefits of
NOAA'’s investment in global
ocean observing systems for
societal benefits

CPC’s "Monthly Ocean
Briefing” was initiated in 2007
to provide the user
community a monthly
summary of the ocean state of
climate variability associated
with ENSO, PDO, I0OD, TAV,
AMOC, Sea Ice



Real-Time Ocean Reanalysis Intercomparison Project
(Motived by TPOS Workshop in Jan. 2014, Coordinated by CLIVAR/GSOP and GOV)

TAO Argo

TPOS 2020 Workshop
27-30 January, 2014, Scripps Institution of Oceanography 88 -8 N

- 2000 4

Black: All data
Red: TAO/TRITON
| %001 Blue: XBT
Green: Argo

2 1200

* Review of observing system requirements and implementation
* Presentations on status of all aspects of system

* Presentations on potential new science and contributions

+ Sponsors:
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+ Chaired by: David Anderson and Toshio Suga
* Report: Published April 2014 (www.ioc-goos.org/tpos2020)  R&ESes 0
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» Extend CLIVAR-GSOP/GODAE OceanView Ocean Reanalyses Intercomparison
Project (ORA-IP) into real-time

» Deliver ensemble ocean monitoring products with signal, noise and signal-to-noise
ratio in real time

» Quantify uncertainties in the ocean state estimation in support of ENSO monitoring
and prediction

= Monitor the influences of ocean observations on constraining uncertainties in
ocean reanalyses

6 products (1979-present) (http://www.cpc.ncep.noaa.gov/products/GODAS/multiora_body.html) 3

9 products (1993-present) (http://www.cpc.ncep.noaa.gov/products/GODAS/multiora93_body.html)



http://www.cpc.ncep.noaa.gov/products/GODAS/multiora_body.html

Uncertainties in Ocean Reanalyses
(Normalized RMSD (%) against TAO/TRITON Temp)
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ENSO Forecast Skill & ENSO Precursors

Forecast Skill for El Nifo

Forecast Skill for La Nina
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La Nina, its Precursor and Predictability

= About 50% La Nina events last 2 years or longer (Okumura and Deser 2010 ;
DiNezia and Deser 2014; Hu et al. 2014)

= There is a predictability of forecasting the 2 year La Nina when initialized from
“strong peak El Nino” or “strong discharged state” following the peak El Nino,
which indicates a strong persistence from ocean memory due to the weak
instability during La Nina (Luo et al. 2010; DiNezia et al. 2017)

= The ocean precursors for 2 year La Nifa are not well understood

Is a strong 1st year La Niila necessary for developing a 2"d year La Niha (Hu et al.
2014)?

- The strong 1988/89 La Nina lasted only one year, while the weak 2016/17 La Nifa is
followed by a 2nd year La Nifa

Is a strong peak El Nifio needed for developing a 2 year La Nifia (DiNezia et al.
2017)?

- The weak 2006/07 EIl Nino is followed by a 2 year La Nifa
= What are the ocean precursors for El Niino and La Ninha?
= Can we use the ocean precursors to assist real-time ENSO prediction?

= Are the NMME ENSO forecast false alarms related to the ocean precursors?



Decadal Shift around 1999 and La Nina-like Conditions

3. Luo et al. 2017
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Two ENSO precursors were discussed (Wen et al. 2014)

Warm Water Volume Index
(D20a in 120°E-80°W, 5°S-5°N)

Central Tropical Pacific Index
(D20a in 160°W-110°W, 10°S-10°N)
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Two ENSO Precursors Based on Ensemble Ocean Reanalyses

Warm Water Volume
(leads NINO3.4 by 6-9 months, [
Meinen and McPhaden 2000) (+{*“{/A
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ENSO Precursors vs. NINO3.4
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Markov PC2 vs. Nino3.4 (DJF)
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PC 2 (closed circle), NINO3.4 (open circle)
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Nino 3.4 DJF

Markov PC2 in Apr vs. Nino3.4 in DJF
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Warm Water Volume in June vs. NINO3.4 in DJF
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2x2 contingency table
El Niiio
(1980-2017)

Percent correct rate
Hit rate

False alarm rate

2x2 contingency table
La Nifia
(1980-2017)

Percent correct rate
Hit rate

False alarm rate

June
Criterion:
3.9=0.5STD

0.76 (29/38)
0.67 (8/12)
0.4 (5/13)

June
Criterion:
-3.9=-0.5STD

0.76 (29/38)
0.54 (7/13)
0.3 (5/10)

Data downloadable from http://www.cpc.ncep.noaa.gov/products/GODAS/multiora_body.html



Nino 3.4 DJF
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Central Tropical Pacific in June vs. NINO3.4 in DJF

2x2 contingency table

El Niio June
ENM o (1980-2017) Criterion:
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False alarm rate 0.3 (3/10)

2x2 contingency table

La Niiia June
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CTP is the best precursor for
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forecasting La Niha
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Data downloadable from http://www.cpc.ncep.noaa.gov/products/GODAS/multiora_body.html



Contingency Tables for ENSO Prediction in 1980-2016
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NMME NINO3.4 vs. Observed NINO3.4

Obs NINO3.4
in NDJ

Nino 3.4 NDJ

05 0 05 1 15 2 25
NMME JUNIC

NMME Forecast from Jun 1

False alarms in 00, 08, ¥1, 17 (24 La Nina years)— CTP is negative
False alarms in 01, 12 (neutral years following 2nd, 3rd La Nina years) — CTP is negative




——0BS 05F

—*—JaniC
" FebIC
A~ Maric

7
0
ApriC
MayIC
d[——dunic

N | R SeplC
OctiC

I R T

F JFM FMAMAMAMJ MJJ JJA JAS ASO SON OND NDJ DJF JFM FMAMAMAMJ MJJ JJA JAS SJF JFM FMAMAMAMJ MJJ JJA JAS ASO SON OND NDJ DJF JFM FMAMAMAMJ MJJ JJA JAS

2000 2001
1999 2000 2001

5°S—5°N [2es—2°N D20a [10°S—10°N]

D2Qa

JANT18957

JuLige?
JAN1998
JuL1gea
JAN1999
JuLiggs TF
JANZ2G0] A
-

JUL2G0J A

JANZ2CQ0T 4

{OOI False

i = INE IS S S S -
=

JuL2001 =

120E 1S0E 180  1S0W  120W  9OWIZ0E  150E

5 s s o — — — — I — — ]
-25-2-1.51.20.9-06-03 ¢ 0.3 06 0.9 1.2 1.5 2 25

180 1S0W  120W  9OWIZ0E  1S0E 18D
s s s s o — — —
—40—-35—-30-25—-20-15-10-5 0 &5

—
150W

120W

| I— — — ]
10 15 20 25 30 3§ 40

IOW

205
1208 150E

20N

205
120E 150E 180

20N
10N

EQ
108

205

120E 150E 180

20N

-1.5
DJF JFM FMAMAMAMJ MJJ JJA JAS ASO SON OND NDJ DJF JFM FMAMAMAMJ MJJ JJA JAS

2002

June

1998

180 150W 120w SOW

ENS. Mean

1999

150W 120w 90W

ENS. Mean

2000

90w

ENS. Mean

10N

EQ

108

208

120E 150E 180

2001

150W 120w 90W




—o0Bs

Y —s— JaniC —o0BS
—*— FebIC —*— JaniC

| J|——Marc —*—FeblC
03 Apric {]——Maric
MaylC ApriC
Ak A= unic MayIC
=== Julic Al dunic

©7 7 Augic === Julic

15[ o[ SepiC uglc
octic 1[----sepic

OctiC

25 P T S TN S SN SN SN T SN TR SN TN SR T T S S
DJF JFM FMAMAMAMJ MJJ JJA JAS ASO SONONDNDJ DJF JFM FMAMAMAMJ MJJ JJA JAS

2010 2011
2011

JANZG1Q

JULZC130 4

JAN2G11

- issed-2nd La Ninz

JUL2¢11 }\;‘J’

JAN2G1 2 A

_
JUL2012 A
<4

T A

D20a 295 —2°N

e 5

.BJF JFM FMAMAMAMJ MJJ JJA JAS ASO SON OND NDJ DJF JFM FMAMAMAMJ MJJ JJA JAS - L L 1 L

1.
SJF JFM FMAMAMAMJ MJJ JJA JAS ASO SON OND NDJ DJF JFM FMAMAMAMJ MJJ JJA JAS

2012
2012

10°S—10°N

’-

se rms S
—G-___
<=,

b 20N

120E  150E 3 150W  120W  9OWIZ0E  1SOE 180  150W  120W  SOWIZO0E  150E 180 1S0W  120W 90w

_—l T T T
-25-2-1.51.2-0.8-06-03 ¢ 0.3 06 0.9 1.2 1.5 2 2.5

—40—-35—-30-25—-20—-15—-10-5 0 5 10 15 20 25 30 3§ 40

2013

203 "
120E 150E 180 150w 120w 90w
ENS. Mean

20N

10N

EQ

108

205 i "
120E 150E 180 150W 120w 90W

ENS. Mean

10N
EQ

108

205 :
T20E 150E 180 150W 120w 90W

2010

2011

2012



Summary

Three ENSO precursors have been developed based on ensemble ocean
reanalyses from Real-time Ocean Reanalysis Intercomparison Project

The Markov PC2 is the best precursor for El Nifio since it contains signals
of both equatorial Warm Water Volume (WWV) and North Pacific
Meridional Mode

The Central Tropical Pacific (CTP) is the best precursor for La Nifa since it
contains both equatorial and off-equatorial thermocline variations

The CTP has been used in identifying the false alarms in the NMME
ensemble forecast, which are most prominent in forecasting 2" year La
Nifia and neutral years following 2" and 3" year La Nifia and are common
across models

We need to study the mechanism on how the off-equatorial D20 anom.
contributes to the emergence of the 2"d and 3nd year La Niiia, which can
be used to understand the causes of the NMME forecast false alarms

Those false alarm cases can be used in evaluating the next generation of
seasonal forecast systems



Event Observed
YES NO
Event Forecasts YES A (hits) B (false alarms)
NO C (misses) D (correct rejection)

Percent correct rate = (A+D)/(A+B+C+D)
Hit rate = A/(A+C)

False alarm rate = B/(A+B)
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